Supplementary Notes
Temporal ROI analyses across trials HG activity was first detected in the Sensory ROI (Supp. Fig. 6b ; Supp. Table 3; differences between the Sensory and PFC ROIs, onset latency: U=0, p=1.4x10 -12 ; peak latency: U=1142, p=4.8x10 -12 ; N Sensory =N PFC =34). Peak HG activity was next observed in the PFC (difference in HG peak latencies between PFC and Motor ROIs: U=997, p=2.8x10 -7 ; N PFC =N Motor =34). While HG activity in the Motor ROI peaked later than in the Sensory and PFC ROIs, the onset of HG activity in the Motor ROI was earlier than in the PFC (U=199. 5, p=3.5x10 -6 ), which may be due to the functional heterogeneity of anatomically defined brain regions ( Fig. 1c-d ; see the main text for detailed discussion).
Late peak of Motor HG activity, after the Sensory and PFC ROIs and 98.5 ms (s.e.m.=9.6 ms) after response onset, is consistent with the functional role of this region in motor execution. These results suggest information flow from stimulus perception to response execution, with PFC bridging the two stages. However, the overall ROI analysis revealed that the chronology of processing stages is not strictly linear, with processing in the PFC and Motor ROIs overlapping in time.
Robust correlations were found between HG onset and peak latencies and RTs across RT bins (Supp. Fig. 9b -c; PFC: onset latency r(32) =0.83, p=9.5x10 -10 ; peak latency r(32) =0.64, p=4.9x10 -5 ; Motor: onset latency r(32) =0.71, p=2.9x10 -6 ; peak latency r(32) =0.99, p=2.2x10 -32 ). The near-perfect correlation between peak Motor HG activity and RTs is not surprising, given that activity in this region represents motor execution. In contrast, HG activity in the PFC peaked prior to the response (mean=648.4 ms, s.e.m.=73.1 ms), suggesting that PFC activity is linked to response selection and preparation rather than response execution.
Description of non-Persistent HG activity patterns
Early Stimulus Processing: 23.1% of active sites exhibited transient HG activity time-locked to auditory stimulus presentation and verbal (i.e., audible) responses, or time-locked to stimulus onset and offset for visual stimuli. Early Stimulus sites were primarily present in modality-specific regions -superior and middle temporal gyri (STG and MTG) for auditory stimuli or occipital cortices for visual stimuli ( Fig. 3a ; Supp. Fig.   1d for full coverage).
Late Stimulus Processing: 12.9% of active sites exhibited HG activity time-locked to stimulus presentation, but lagging in HG onsets relative to early stimulus activity (Supp. Fig. 6c ; across datasets, Mann-Whitney U=80.0, p=0.02; N EarlyStim =20, N LateStim =15), indicating a later stage (post-sensory) of stimulus processing. Late Stimulus sites were predominantly located in auditory and visual association cortices and the PFC ( Fig. 3b ; Supp. Fig. 1d ).
Response Processing: 29.9% of active electrodes exhibited HG activity timelocked to response onset. The onset of the response activity preceded RTs by 351 ms (s.e.m.=10 ms, N Response =29 across datasets) but peaked after the response (mean=102.1 ms, s.e.m.=9.1 ms; Supp. Fig. 6c ). Response sites were predominantly located around the central sulcus as well as on the inferior frontal gyrus (IFG) and inferior parietal lobule (IPL; Fig. 3d ; Supp. Fig. 1d ). Response activity was bilateral (52.4% of sites were in the left relative to the right hemisphere; Z=1.18, p=0.24) , which may be due to the fact that responses in most tasks were verbal, bilaterally activating vocalization muscles.
Differentiation between Early and Late Stimulus Processing patterns
HG amplitudes for both Early and Late Stimulus HG activity types were timelocked to stimulus presentation and were independent of the response. For both types, HG activity terminated well before the response, with no significant correlation between the duration of HG activity and RTs (r values ranging from -0.28 to 0.24, p>0.12 for both RT bin and dataset analyses).
Despite both being stimulus-linked, the two patterns of activity had distinct morphology, chronology, and anatomical distribution. Morphologically, channels within Early Stimulus Processing clusters, exhibited bi-phasic HG increases. Specifically, for auditory tasks with verbal responses, the first increase was time-locked to the stimulus presentation and the second increase was time-locked to the response. This pattern also included channels located in the occipital lobe and exhibiting HG increases that were time-locked to the onset and offset of the visual stimulus. Given these morphological properties of the HG signal, it is likely that Early Stimulus activity reflects low-level acoustic (sound associated with the auditory stimulus and verbal response) or visual (onset/offset of visual stimulus) features of information. This hypothesis was supported by the fact that Early Stimulus activity started at 50 ms post-stimulus (for RTmatched trial bins; see Supp. Fig. 6d ; Supp. Table 3 ) and was predominantly located in sensory brain areas (the superior and middle temporal gyri for auditory stimuli and occipital cortices for visual stimuli; Fig. 3a-b ; Supp. Fig. 1d ). Specifically, 66% (112 out of 170) of Early Stimulus contacts were located directly on the sensory cortices, with 86% (146 total) contacts located in extended sensory regions (including Wernicke's area and perisylvian cortex). Only 6% (11 total) of Early Stimulus contacts were located in the PFC. Early Stimulus contacts were also localized bilaterally. In combination, these observations confirm that Early Stimulus Processing activity type represent HG activity associated with initial perceptual processing of stimuli.
In contrast, the onset of Late Stimulus HG activity was significantly (2x) later than for Early Stimulus activity (Supp. Fig. 6c-d ; Supp. Table 3 ). Late Stimulus activity also peaked later than Early Stimulus activity (Supp. Fig. 6c-d ). These findings indicate that Response activity is also involved in motor preparation, not just execution. However, this preparation occurs only on trials that result in a successful response and temporally follows onset of Persistent activity, suggesting that motor preparation, and eventual execution, is triggered by cognitive processes during response deliberation reflected in Persistent HG activity.
Supplementary Methods

Electrode localization
A structural preoperative magnetic resonance imaging (MRI) and a postimplantation computed tomography (CT) were acquired for all participants. After confirming the MR and CT were in the same orientation, the skull was stripped from the brain in the MR image. Electrode coordinates were located on the CT using Bioimage Suite (www.bioimagesuite.org). To transform the CT to brain-extracted MR space, linear and nonlinear affine and rigid registrations were run between the MR and CT. The registration best matching neurosurgeon notes and intra-operative photos was used, rendered in three dimensions and assessed for anatomical accuracy. MNI electrode localization followed similar procedures, with the brain-extracted MR registered to the MNI space. Accuracy of MNI co-registration was assessed manually for each subject by matching electrode locations to anatomical landmarks in the native MR space.
Band-pass filter used to remove line and equipment noise
First, power spectral densities were estimated for each electrode using the multitaper spectral estimation method from the Chronux toolbox (tapers N=5, time-bandwidth product W=3). Zero-crossings in the derivative identified sharp noise peaks in the power spectrum. The filter was then iteratively fit to the noise bandwidth until the difference between the filtered and the surrounding signal was less than 0.05 uV. This method ensured that each electrode was free of non-physiological noise in the specific frequencies of interest.
Hierarchical clustering criterion
In order to partition the tree into electrode groups following hierarchical clustering, we calculated the inconsistency coefficient, which compares the height of a link with the average height of links below it, for each link of the hierarchical cluster tree. Inconsistent links indicate a natural division in the data, so the median inconsistency coefficient of the tree was used as the threshold to partition the data into electrode groups.
Stepwise regression analyses
To evaluate the relative contributions of different HG parameters to behavior, a stepwise regression was performed across RT bins. HG onset and peak latencies as well as latencies for the points of divergence among ROI traces were entered as predictors into the model. Similar stepwise regression was performed to determine whether onset of Persistent HG activity can be predicted from temporal features of Early Stimulus and Late Stimulus HG activity patterns. Onset, peak, and offset latencies were entered as predictors into the model. For both regressions, only those variables that significantly contributed to the final prediction model were reported. Note: * Participants were excluded due to stroke-related cortical lesion (S9) or unconfirmed electrode localization (S16). Note: Mean and standard errors of the mean (s.e.m., in parentheses) across datasets and RT bins are listed for HG onset and peak amplitude latencies for each ROI and HG activity pattern. See Supplementary Figure 5 for statistical comparisons of HG onset and peak amplitude latencies across ROIs and HG activity patterns.
Supplementary Tables
Supplementary
Abbreviations: HG -broadband high gamma, Num. -number, PFC -prefrontal cortex, ROI -region of interest, RT -reaction time. Note: HG -broadband high gamma, PFC -prefrontal cortex, ROI -region of interest. time points at which HG amplitude is significantly different from baseline (p<0.05, FDRcorrected). HG onset, offset, and peak amplitude are marked on each trace. For the PFC ROI and Persistent HG activity type, the HG plateau is marked in gray from the first to the last HG plateau peak (see Methods). For the purpose of HG onset and offset identification, only stimulus-locked HG activity lasting longer than 100 ms was considered, with significant segments <100 ms omitted unless they were within 100 ms of a longer segment. 
